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Abstract
Wetlands (468/868) is a multidisciplinary 4 hr fourth year/graduate level course that includes two
90 min lectures and a weekly 3 hr laboratory. The course is crosslisted in the School of Natural
Resources and Biological Systems Engineering Department. The course is typically comprised of
20-30 students with approximately 30% engineering students and 70% natural resources students
in the majors of biological systems engineering, water science, fisheries and wildlife, and
environmental restoration science. Majority of the students that participate in this course intend to
have careers in consulting, government, and/or the nonprofit conservation sectors. Each of these
sectors require knowledge of various ecological systems for conservation, restoration, and design.
Therefore, NRES/BSEN 468/868 provides a foundation for the students in this one ecosystem. The
overall course goal is to train students to be able to identify, preserve, and design wetlands based
on the Army Corp of Engineering wetland delineation manual. One of the major challenges in
teaching this course is developing a cohesive educational environment for students in various
disciplines. More specifically, in past years creating an environment where joint respect and
openness between students from various disciplines has been challenging. Therefore, my Peer
Review of Teaching project focused on developing and assessing innovative team projects to build
synergy for interdisciplinary designs.
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Introduction
My goal is to create this portfolio as a case study for other instructors currently teaching and/or
interested in creating interdisciplinary courses. One of the major challenges in teaching
interdisciplinary courses is developing a cohesive educational environment for students in various
disciplines. More specifically, creating an environment with joint respect and openness between
students with various discipline expertise is often challenging. In this portfolio I have documented
multiple examples of changes in perceptions of students in varying disciplines and various teaching
approaches to expand student perceptions of the importance of multidisciplinary work. Therefore,
my objectives for the Peer Review of Teaching benchmark portfolio include:
1. Create multidisciplinary teams to design a treatment wetland system for Nebraska
Innovation Campus throughout the course and document change in synergy between
disciplines
2. Develop a 2-week laboratory, which will incorporate the wetland mesocosm lab
(MESOLab) located on UNL’s east campus, for students to learn how to develop
experimental protocols and assess wetland treatment removal processes firsthand
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Memo 1: Description of Course
What is your course?
The course I developed was NRES/BSEN 468/868: Wetlands, a multidisciplinary four-hour fourth
year/graduate level course that includes 3 hours of lecture and a weekly 3-hour laboratory. The
course resides in the School of Natural Resources, but was comprised of typically engineering and
natural resource students in the majors of biological systems engineering, water science, fisheries
and wildlife, and environmental restoration science. NRES/BSEN 468/868 is an emphasis elective
for all majors listed. The course is built off of foundational concepts acquired in general chemistry
(CHEM 109/110 or CHEM 105/106) and hydrology (MECH 310 or NRES 453).
The demographics of the course included: 30% graduate students and 70% undergraduate students;
30% engineering, 60% natural resources, and 10% community and regional planning students; and
15% female and 85% male. Majors included biological systems engineering, environmental
engineering, water science, fisheries and wildlife, environmental restoration science, and
community and regional planning. Majority of the students that participate in this course intend to
have careers in consulting, government, and/or the nonprofit conservation sectors. Each of these
sectors require knowledge of various environmental systems for conservation, restoration, and
design. Therefore, NRES/BSEN 468/868 provides a foundation for the students in this one specific
ecosystem: wetlands.
What are your goals for the course?
I had two primary goals in teaching this course: 1) Train students to be able to identify, preserve,
and design wetlands based on the Army Corp of Engineering wetland delineation manual and 2)
Learn to interact and design with colleagues from various fields. Prior to completing the course,
the students are expected to acquire and retain the knowledge based on the following objectives
outlined in the Appendix 1: Syllabus.
1. Work effectively on a team to utilize new knowledge to complete a wetland design
(Weeks 1-16)
o This objective meets ABET Outcomes 5 and 7 requirements
2. Identify and define “wetland” characteristics using hydrology, soil, and vegetation
observations (Weeks 1 -5)
3. Distinguish between physical, chemical, and biological processes that occur within and
around wetlands (Weeks 5-6)
4. Understand the characteristics of various types of natural wetland ecosystems,
particularly those common to Nebraska (Week 8)
5. Define human impacts and benefits from wetland ecosystems (Weeks 9-10)
6. Utilize hydrologic, biological, chemical, and physical processes occurring in natural
wetlands as a basis for designing a) constructed wetlands for water quality treatment and
b) wetland restorations/creations in urban and agricultural landscapes (Weeks 8-14)
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7. Learn existing mathematical models to predict wetland treatment efficiency of pollutants
such as nitrogen (N) and phosphorus (P) (Week 13)
8. Recognize basic policy and regulatory issues related to wetlands (15)
Objective 1 Importance
My hope is that through interacting with colleagues in varying professions students will realize the
importance of multidisciplinary perspective when designing ecosystems. This specific acquired
insight will provide students the language and cross disciplinary understanding required to have
professionally robust conversations and lead to creating successful designs of ecosystems in their
future careers, an insight currently missing in many ecosystem design firms and institutions.
Objective 2 Importance
Future employers of students in these fields expect students to have the knowledge to delineate a
wetland. Therefore, this objective is critical for first identifying a wetland and completing the
surveys required to either apply for a permit or know if their design is a success. Further, through
this objective, students are excepted to see the importance of conversing and planning with
alternative disciplines that may have a better understanding on hydrology, hydrophytes, and/or
hydric soils based on a students’ previous course work.
Objective 3 Importance
The physical, chemical, and biological processes that occur in wetlands are critical to understand
for successful water treatment and ecosystem restoration. Further, an understanding of each of
these processes will enable a student to determine ecosystem services that can be accomplished
and aide in developing realistic design success goals.
Objective 4 Importance
Often students imagine a design as a one fit will fit all. However, following graduation students
will be expected to create designs that have diverse design goals and requirements. Therefore,
understanding the types of wetland ecosystems that are possible and the requirements for these
ecosystems to be even considered are crucial for successful designs.
Objective 5 Importance
Objective 5 focuses on human interactions with wetlands. This section is often a challenging
section to navigate as many of the topics are politically censored and require mediation between
team members. However, the is crucial both from learning how to discuss issues from different
perspectives and learning to respect and move past differences in opinion. Further, these different
perspectives allow teams to discover how they will overcome these challenges and determine
design goals that incorporate benefits for a diverse range of opinions.
Objective 6 Importance
Students will be required in their careers to take information they know and utilize it to create
designs within a set of constraints. The first half of the course focuses on recognizing and
delineating wetlands, while the second half of the course focuses on the design of wetlands.
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Therefore, the knowledge that is acquired in weeks 1-8 will be reviewed and incorporated into
design and construction of wetlands in weeks 9-16.
Objective 7 Importance
The models taught during this portion will be central elements for sizing wetland systems for
treatment of nutrients, which is dominantly used in many European countries for wastewater
treatment. The application of wastewater treatment wetlands will be discussed a potentially costeffective wastewater management practice for rural, low income communities found throughout
the Midwest.
Objective 8 Importance
The last objective of the course will incorporate the process of permitting for a construction project
and the policies that controls how permits are processed. This will be critical for students working
in any sector post-graduation that may impact wetlands.
Why did you choose this particular course?
I was partially hired to teach this course, as I have over 10 years of experience in designing and
evaluating wetlands (both natural and treatment systems). Further, I have training in both
engineering (BS, MS, PhD) and natural resources (postdoc), which situate me in a unique position
to lead conversations in multidisciplinary fields, specifically involving wetland systems. Due to
the uniqueness of the interdisciplinary effort in teaching this course, I thought it would be an ideal
class for constructing this portfolio. Further, the class has both lecture and laboratory settings,
which allows for a wide range of teaching techniques to be incorporated into the course.
Do you have any key goals that you want to accomplish by creating a course portfolio?
In this portfolio, I hope to highlight the innovative teaching approaches I incorporate in this course
as an effort to document approaches for teaching a wide range of students in an active teaching
environment. Further, I plan to document my experience incorporating often controversial
discussions (i.e., climate change, wetland drainage, water quality) into the classroom as a means
for students to learn/practice hearing and respecting individuals with varying views on issues.
What sort of course portfolio would you like to create?
The resulting portfolio is planned to be a broad overview of the NRES/BSEN 468/868: Wetlands.
This portfolio will be a foundation for future multidisciplinary courses I plan to create focused on
river and wetland restoration.
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MEMO 2: Teaching Methods/Course Materials/Course Activities
What teaching methods are you using during your contact time with students?
The course will be a combination of lecture, laboratories, small group breakout sessions, videos,
and presentations. Lectures will be used to highlight material that is critical for their understanding
of basic concepts either found in the handout packet or other readings and provide example
problems. At the end of each lecture learning objectives will be re-reviewed and key principles to
know will be acknowledged. Laboratories will be used to create hands-on and visual learning
opportunities for students. During the first half of the semester, students will be doing indoor
activities to delineate and identify wetlands based on soils, macrophytes, and hydrology. The
second half the semester will use outdoor field trips to visit wetlands and allow students to interact
real-world professionals and practice delineation. Small group breakout sessions will be used to
reengage students during the 90 minutes class. Discussion is incorporated into the class every 1015 minutes to assess students understanding, practice new principals, and develop critical thinking
skills. Videos will be used for concepts that are difficult to explain without being in the wetland.
Presentations will be completed each student either through a Wetland in the News presentation
or the design presentation. The Wetland in the News presentation will be completed by a student
at the beginning of each lecture starting in week 4. Students will choose their own news article on
wetlands that has been recently published and discuss the importance of the article and
implications of the wetland. Presentations will allow students to hear about wetlands and learn to
discuss differences in personal views regarding wetland conservation and restoration. Design
project presentations will be completed during the final week in class for students to interact with
one another and participate in a bid presentation, similar to real-world consulting.
What course activities outside of class are you using?
The course will use a combination of homework assignments, team projects, and readings outside
of class. Homework assignments will allow assessment of understanding and development of key
principals throughout the semester. Team projects will require students to create a real-world
treatment wetland design and develop team management skills. Readings will allow students to
prepare and be efficient during laboratory periods. Further, the readings will enable students to
engage in class discussions.
What course materials are you using?
Course materials will include wetlands textbook, PowerPoint presentations, laboratory and field
equipment, and a wetland workbook. The wetlands textbook will be used as a supplemental
resource for homework and projects as well as a reference for lectures. PowerPoint presentations
will be used to deliver lectures and laboratories. Laboratory and field equipment will be used to
allow students to have hands on experiences with common equipment used in the field of wetlands
and allow visual and active learning through laboratory assignments. The wetland workbook will
allow students to work through various mathematical and visual methods for predicting treatment
efficiency of wetlands. With the exception of the PowerPoint presentations, textbook, and a few
field trips, the materials for the class were changed during 2019 to attempt an increased active
learning approach through the wetland workbook, field trips, homework, and laboratories.
What is the rationale for the methods you have chosen?
I have chosen these methods to allow for a wide range of learning styles including visual, aural,
verbal, physical, logical, social, and solitary learning. Further, I will use these methods to
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incorporate Bloom’s taxonomy by focusing on remembering, understanding, and applying
techniques and applications during the first half of the semester and expanding the course to
analyze, evaluate, and create during the second portion of the semester through the design project
and wetland workbook.
How do your choices link to the broader curriculum?
The choices I have made for the activities in this course link to the broader curriculum of Biological
Systems Engineering by address ABET Accreditation Outcomes 5 and 7 requirements.
1. Outcome 5: an ability to function effectively on a team whose members together provide
leadership, create a collaborative and inclusive environment, establish goals, plan tasks,
and meet objectives
2. Outcome 7: an ability to acquire and apply new knowledge as needed, using appropriate
learning strategies
Further, the methods proposed in the course will link to the broader curriculum in the School of
Natural Resources and Biological Systems Engineering Department by meeting a course elective
requirement in Biological Systems Engineering, Environmental Restoration Science, Water
Science, and Fisheries and Wildlife undergraduate major curriculums. Further, class will build off
previous required hydrology and chemistry courses and enable student interactions with potential
employers through laboratory field trips.
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MEMO 3: Analysis of Student Learning
The primary assessment tools to analyze student learning during this class included homework,
exams, the design project, initial and mid surveys, and the wetland laboratory exercise. Grade
distributions of assignments are summarized in Table 1. The overall course average was a 90 ±
5%, with a minimum grade of 80% and high of 96%. The lowest average homework assignment
was Homework 2, which assessed student understanding of wetland hydrology. Test grades
gradually decreased from an average of 89% on Test 1 to 84% on Test 3. Homework 7-10 were
group assignments that related to their design project. All students completed the design project,
which likely elevated the minimum score and resulted in a significant difference between
Homework 1-7 and Homework 8-10 (Table 2). While significant differences were not observed
between Tests 1 and 2 and Tests 2 and 3, there was a significant difference between Tests 1 and 3,
which was likely due to Test 3 being a cumulative exam and several students having multiple
exams on the same day as the Wetland Test 3.
Table 1: Student Grade Assessment throughout the course
Assignment

Mean

Standard
Deviation

Median

1

87

22

93

100

0

2

82

30

95

100

0

3

87

10

85

100

67

4

92

9

97

100

73

5

70

26

82

100

0

6

91

22

97

100

0

7

94

6

95

100

80

8

94

7

97

199

83

9

96

2

97

99

91

10

100

0.4

100

100

98

Design Project

92

5

94

95

84

Test 1

89

7

91

98

76

Test 2

88

10

92

98

68

Test 3

84

10

87

101

63

Overall
Grade

90

5

93

96

80

Maximum Minimum

10

Table 2: Statistical Evaluations for significant changes throughout the semester
Discipline/ Academic Level

Statistical
Test

p-value

Test 1 to Test 2

t-test

0.715

Test 1 to Test 3

t-test

0.047

Test 2 to Test 3

t-test

0.073

Individual Homework (HW 1-7)
to Group Homework (8-10)

z-test

1.3 X 10-7

The remaining portion of this section will analyze collected data to assess student learning for the
individual learning objectives of the course.
1. Work effectively on a team to utilize new knowledge to complete a wetland design (Weeks
1-16)
The following question was asked in the initial and midterm surveys along with the final exam to
assess if students were expanding their understanding on the requirement for interdisciplinary
design for ecological engineered systems.
“What disciplines do you believe are important for wetland design and preservation?”
Table 3 summarizes the evolution of students’ perspectives of disciplines required to design and
preserve wetland systems. The average number of disciplines mentioned that were needed to
complete a wetland design or preservation plan increased from 3.2 on the pre-survey given the
first day of class prior to an introduction to wetlands to 5.3 on Test 3 (final exam). Further, during
the pre-survey 8/20 students mentioned an engineering discipline, while 17/20 students mentioned
engineering on the final exam. These results exhibit evidence that students expanded their
appreciation for other disciplines during the class and formed a realization that wetland design and
preservation is an interdisciplinary field.
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Table 3: Student evolution of identifying disciplines required for wetland design and preservation.
Parentheses denotes how many students mention an engineering discipline.
Discipline/ Academic Level

Pre- Survey

Mid-Survey

Test 3

Natural Resources

3.2 (5)

4.6 (3)

5.4 (11)

Biological Systems
Engineering

2.9 (3)

5.2 (3)

5.6 (5)

Undergraduate

3.3 (6)

4.6 (5)

5.1 (11)

Graduate

3 (2)

5.2 (3)

5.7 (6)

Overall

3.2 (8)

4.8 (7)

5.3 (17)

Students were assigned a design project prior to Spring Break and were required to work in
multidisciplinary groups assigned by the instructor to form valuable experiences of working with
individuals from various fields. The assignment and rubric for grading can be found in Appendix
4: Design Project Assignment and Appendix 5: Design Project Rubric. Overall the students
worked well together in teams and accomplished the overall defined objectives for the design
project (Table 1; Figure 1; Appendix 6: Design Project Presentations). Homework 8-10 were
all portions of the design project and resulted in overall higher average grades. 25% of Homework
8-10 came from group member evaluations of other team members to ensure that all group
members were contributing to the design.

Figure 1: Student design teams working on design projects during breakout sessions and laboratories.
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2. Identify and define “wetland” characteristics using hydrology, soil, and vegetation
observations (Weeks 1 -5)
Based on mean scores for Homework 1-4 and Exam 1, students were able to complete objective
2. Further, these principles were reviewed in the final exam (Exam 3), where 20/20 students were
able to identify the three characteristics that define a wetland (hydrology, hydric soils, and
hydrophytes).
3. Distinguish between physical, chemical, and biological processes that occur within and
around wetlands (Weeks 5-6)
Similar to objective 2, mean scores for Homework 4-6 and Exam 2 provided definitive evidence
that students had acquired knowledge to complete objective 3. Once again, these principles were
reviewed in the final exam (Exam 3), where 17/20 students were able to identify removal processes
and redox reactions that occurred in wetlands.
4. Understand the characteristics of various types of natural wetland ecosystems, particularly
those common to Nebraska (Week 8)
Average scores for Homework 4, 5, and 6 along with Test 2 exhibited students had a good
understanding of characteristics of various types of wetland ecosystems. Specifically, in
Homework 6 students were requested to write a one-page evaluation of a specific type of wetland
ecosystem they found interesting. Students were asked:
“Pick one of the wetlands we discussed in class this week. Discuss what makes this wetland
unique, how it is formed, and why its ecosystem is important to preserve. Which disciplines
would be critical for designing this wetland?”
All students were able to answer the questions requested in the essays. Points were only lost due
to grammatical errors and page length. Therefore, students met this objective based on these
assessments.
5. Define human impacts and benefits from wetland ecosystems (Weeks 9-10)
Homework 7 and 8, Exam 2, and the design project focused on assessing student understanding of
ecosystem services and human impacts of wetlands, which resulted in the highest individual
homework score (Homework 7) and minimal points lost in the exam. Overall, students exhibited
a high understanding of ecosystem services in their design projects, where they all were able to
evaluate at least one ecosystem service in their proposed wetland design and 3/4 teams presented
3-4 ecosystem services (Figure 2).
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Ecosystem Services
Water purification - water will be treated to the specified nitrogen concentration
Education - wetland is located on Innovation campus so the wetland will be used as
an educational tool for UNL classes as well as for the general public.

Ecosystem Services: Formal education
The proximity of the proposed wetland provides a number of educational
opportunities:
-

K-12 class trips
Undergraduate and graduate wetland research opportunities

Beautification - wetlands can add color and variation to otherwise bland, urban
landscapes.

https://lawrenceartscenter.org/2018/07/kelly-galloway-kindergartenstudents-take-field-trips-to-experience-real-places/

Ecological Charact erizat ion t o Syst em
●

○
○

Importance to ecology is the removal of nitrate from the Lincoln W astew ater so that
it doesn’t leach into the Salt Creek w atershed.
This is necessary so there aren’t unw arranted fish kills and pollutants in the
w atershed.
https://w w w .epa.gov/w etlands/constructed-w etlands

Education
○

○

●

Trail System

Regulate W ater Quality
○

●

https://www.uwb.edu/wetlands/meet-our-wetlandsresearchers

Importance to ecology is the purpose in making the general public and students more
know ledgeable as to how the w etland w orks and the purpose it serves in cleansing
the w astew ater.
https://w w w .bgci.org/education/article/0233/

Recreation
○
○
○
○

Importance to ecology is the basis in providing more local opportunities to view birds
and w ildlife w ithout having to travel several hours aw ay.
Keeping the surrounding land and w etland in w ell maintained condition allow s for
w ildlife to inhabit the area.
Brings tourism money for the economy by keeping dollars “local”.
https://dec.vermont.gov/w atershed/w etlands/functions/benefits

Figure 2: Examples of ecosystem services proposed for the four design teams.

The Wetland in News presentations were presented by 20/20 students. Presentations ranged from
engineering design solutions for water quality contamination, limitations to construction projects
due to wetland regulation, and restoration projects for enhancing ecosystem services. Each
presentation had at least 1-2 questions for students in the classroom and provided good
conversations for practicing communication on often politically sensitive issues. Students did an
excellent job at respecting each other’s opinions and provided important perspectives regarding
wetland design, preservation, and regulation.
6. Utilize hydrologic, biological, chemical, and physical processes occurring in natural
wetlands as a basis for designing a) constructed wetlands for water quality treatment and
b) wetland restorations/creations in urban and agricultural landscapes (Weeks 8-14)
One laboratory was completed in the MESOLab on UNL’s east campus, which has 18 miniature
floating treatment wetland systems (Appendix 7: MESOLab Experiment). Prior to the
laboratory the following question was asked in a pre-lab survey (Appendix 8: MESOLab PreLab Responses):
“Do you believe floating treatment wetlands are as efficient at removing nutrients (nitrogen
and phosphorus) as traditional surface flow wetlands? Explain.”
The variety of responses exhibited below are a few examples of the diversity in understanding
contaminant removal processes prior to the laboratory experiment (Figure 3). All responses can
be found in Appendix 8: MESOLab Pre-Lab Responses.
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Figure 3: Wetland laboratory pre-lab responses.

Following the experiment, collected data was presented in Test 3 (Figure 4) to assess student
understanding and evaluation of experimental data. At this point students had previous
opportunities to practice assessing visual data during class group breakout sessions. Overall 20/20
were able to answer part 1 of question 24 correctly regarding floating treatment wetlands providing
more nitrate-N removal than a system without a wetland. However, students had a range of
understanding regarding the removal processes. Examples of a low, medium, and high
understanding of removal processes are found below (Figure 4). Low understanding provided an
attempt in understanding the removal processes with explanation, medium understanding
mentioned at least one of the predominant removal processes with explanation, and high
understanding provided at least two removal processes with discussion. Students lost an average
of 1.1 points on the second part of this question, which overall shows a medium understanding of
the biogeochemical removal processes for treatment wetlands.
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Figure 4: Exam 3 responses to assessing results from the wetland mesocosm experiment.
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7. Learn existing mathematical models to predict wetland treatment efficiency of pollutants
such as nitrogen (N) and phosphorus (P) (Week 13-14)
Often the mathematical modeling portion of this course has been the most challenging for students
to understand. Therefore, this semester I created group assignments that allowed students to work
together on the calculations. Further, I attempted a flipped classroom session, where the students
watched the lectures and then completed a calculation workbook that encompassed various
methods for designing a wetland. The following class period was used to work through the
workbook and answer questions. During the follow up class period, Dr. Deepak Keshawni
completed an in-class peer review to provide insight in how to better incorporate team learning
and communication within the classroom and complete a student interaction map (Appendix 10:
Peer Review Assessment). Further, he provided important insight and recommendations to further
improve the course in the coming years. Based on overall Homework 8-10 and Exam 3 results, the
students appeared to successfully develop a basic understanding of mathematical modeling for
wetland treatment designs and the workbook was mentioned in the evaluations as being helpful
for developing a clearer understanding of the design calculations.
8. Recognize basic policy and regulatory issues related to wetlands (Week 15)
Students were required to incorporate basic wetland policy and regulatory issues into their design
projects and were also tested over basic knowledge in Exam 3. Wetland policy was 9% of the final
exam. Students lost approximately 2.1 points out of 9 possible points on Exam 3 in the policy
portion of the exam. Therefore, Exam 3 results in conjunction with their permitting requirements
outlined in all four design projects supports that the students were able to recognize basic policy
regulatory issues related to wetlands in the United States.
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SUMMARY: Reflection on the Course
Over the course of my academic career I have reflected on the fact that being a specialist in a
specific field does not result in making me a good teacher of that subject. The Peer Review of
Teaching Project has provided the tools for me to not only evaluate my students understanding of
objectives for individual classes, but assess my teaching methods for my own teaching. The
assessments completed during this project provided the following observations based on my two
primary objectives:
Objective 1: Create multidisciplinary teams to design a treatment wetland system for Nebraska
Innovation Campus throughout the course and document change in synergy between disciplines
➢ Students grew in their overall understanding of the need for various disciplines in
ecological design efforts
Objective 2: Develop a 2-week laboratory, which will incorporate the wetland mesocosm lab
(MESOLab) located on UNL’s east campus, for students to learn how to develop experimental
protocols and assess wetland treatment removal processes firsthand
➢ Students were able to take findings and evaluate them to determine the overall
treatment potential of floating treatment wetlands for nutrient removal
Over the semester challenges with the design project, limited ability to complete field evaluations
due to inclement weather, and classroom design influenced my teaching impact. Therefore, the
following changes are anticipated to be made in future semesters:
➢ Identify a classroom on east campus that fits my teaching style
➢ Incorporate the design project into the class starting the second week of the course rather
than the 8th week and build on the design project throughout the semester
➢ Adjust laboratory field visit plans to be potentially two weekend field experiences at the
end of the semester and/or complete a videos of field visits in the fall semester to use
during laboratories
➢ Undergo training for wetland vegetation identification and preservation for laboratory
wetland plant ID class period.
I am grateful to have had the opportunity to participate in the Peer Review of Teaching Project and
believe it has benefited my overall teaching and evaluation methods for assessing student learning.
I anticipate incorporating this into current and future classes that I currently teach. Further, findings
from this project were presented at the annual Biological Systems Engineering Spring Teaching
Workshop as a part of my Instructional Improvement Plan. I am hopeful that the knowledge gained
from this experience will be incorporated into future multidisciplinary courses to enhance
interdisciplinary designs using multidisciplinary teams.
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Appendix 1: Syllabus

NRES/BSEN 468/868: Wetlands
Spring 2019
Time: Tues/Thurs 9:30-10:45 AM and Thurs 2-5 PM (Lab)
Room: HARH 24E
Instructor: Dr. Tiffany Messer
Office: 217 Chase Hall
Office Hours: Fridays 10:30 AM - 12:30 PM or by appointment
Email: Tiffany.Messer@unl.edu
Teaching Assistant: Mary Keilhauer
Office: 248 Hardin Hall
Office Hours: Thursday 11AM-1PM or by appointment
Email: mkeilhauer2@unl.edu

Textbook
Wetlands
William J. Mitsch and James G. Gosselink
5th Edition
ISBN: 978-1118676820
This textbook is highly recommended.

Prerequisites:
CHEM 109 and 110 or CHEM 105 and 106; minimum of Junior Standing

Objectives:
Following this course, students will:
1. Work effectively on a team to utilize new knowledge to complete a wetland design
(Weeks 1-16)
o This objective meets ABET Outcomes 5 and 7 requirements
2. Identify and define “wetland” characteristics using hydrology, soil, and vegetation
observations (Weeks 1 -5)
3. Distinguish between physical, chemical, and biological processes that occur within and
around wetlands (Weeks 5-6)
4. Understand the characteristics of various types of natural wetland ecosystems,
particularly those common to Nebraska (Week 8)
5. Define human impacts and benefits from wetland ecosystems (Weeks 9-10)
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6. Utilize hydrologic, biological, chemical, and physical processes occurring in natural
wetlands as a basis for designing a) constructed wetlands for water quality treatment and
b) wetland restorations/creations in urban and agricultural landscapes (Weeks 8-14)
7. Learn existing mathematical models to predict wetland treatment efficiency of pollutants
such as nitrogen (N) and phosphorus (P) (Week 13)
8. Recognize basic policy and regulatory issues related to wetlands (15)

Method:
The course is taught as two weekly lectures and one weekly laboratory.

Lectures and Notes:
Lectures will be presented using varying delivery methods. Electronic materials presented in
class (PowerPoint presentations, etc.) will be posted on Canvas (typically a day prior to each
lecture). However, material presented in PowerPoint format will be expanded upon and further
developed during class lectures and class discussions requiring students to take additional notes
in class.

Laboratories:
Laboratories will provide more practical aspects of wetland science. Therefore, we will be
visiting wetland sites around Lincoln, exploring the wetlands mesocosm laboratory on campus,
and conducting experiments in the wet lab in Hardin Hall, depending on topic. Expect to get wet
and dirty. Therefore, dress accordingly (i.e., closed toe shoes while in laboratory, rubber boots
for field site visits, warm clothes during winter months). During laboratories, we will focus on
wetland hydrology monitoring, wetland soil identification, field mapping, wetland bird and plant
identification, and wetland sampling techniques.
** There will be one required Saturday field trip on March 9th to view the Sandhill Crane
Migration

Assignments:
Assignments are due at the beginning of class every Tuesday as noted in the schedule below.
Weekly assignments will be given to provide practice for students to display understanding of
topics covered in class and during laboratories. Further, assignments are designed to prepare
students for exams and wetland work in their future professional careers.
**Assignments submitted late must complete an EOS (Email of Shame) to Dr. Messer and the
TA and will lose 10% every 24 hours it is received late. After 5 days, the assignment will not be
accepted.

Student Design Projects:
Students will be placed in multidisciplinary groups to design a restored or treatment wetland
using techniques learned throughout the semester. Each lab should build onto the overall wetland
design project, which will serve as an exam for the laboratory.
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Graduate Student Project:
Graduate students will also be required to have an independent wetland research project.
Students will be required to choose a wetland topic relative to the state of Nebraska and either
write an informative report, create a website, or build a display to present at the end of the
semester. Students should discuss project ideas with Dr. Messer during the first 2 weeks of class.

Assessment Plan:
Undergraduate Students
Exams (70 pts each)
Design Project
Wetlands in the News
Laboratory Attendance
Assignments
Overall

210 pts
65 pts
25 pts
50 pts
150 pts
500 pts

Graduate Students
Exams (50 pts each)
Design Project
Wetlands in the News
Laboratory Attendance
Assignments
Graduate Project
Overall

150 pts
65 pts
25 pts
50 pts
150 pts
60 pts
500 pts
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Grading Scale:
A+
A
AB+
B
BC+
C
CD+
D
DF

98-100
93-97
90-92
88-89
83-87
80-82
78-79
73-77
70-72
68-69
63-67
60-62
<60

Attendance:
Attendance will be taken during each class. If you’re going to miss class for a valid reason,
please let Dr. Messer know and make arrangements with a classmate for getting missed material.
You are responsible for all announcements and assignments made in class, even if they are not
posted on Canvas.

Canvas:
Check Canvas regularly for announcements, assignments, readings, etc. Be sure that the email
address Canvas has for you is current. All PowerPoint presentations will be made available prior
to class on Canvas. These presentations are an excellent resource, but they cannot replace
quality lecture notes and class attendance.

Email Policy:
Students are encouraged to email or visit during office hours. I will do my best to answer emails
in a timely fashion. As a policy, I will get back to you within 24 hours on a weekday and within
48 hours on a weekend. This means if you wait to do your laboratory assignment till the very last
day I may or may not get back to you. Therefore, procrastinate at your own risk!

Student Code of Conduct:
Students are expected to adhere to guidelines concerning academic dishonesty outlined the
University’s Student Code of Conduct which can be found
at https://studentconduct.unl.edu/student-code-conduct. Students are encouraged to contact the
instructor to seek clarification of these guidelines whenever they have questions and/or potential
concerns. A first offense will result in a 10% penalty on the assignment. A second offense will
result in a grade of zero for the assignment. A third offense will result in a grade of F for the
course. Students are encouraged to contact the instructor for clarification of these guidelines if
they have questions or concerns. The SNR policy on Academic Dishonesty and procedures for
appeals are available at http://snr.unl.edu/employeeinfo/information.
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ADA:
Students with disabilities are encouraged to contact me (the instructor or teaching assistant) for a
confidential discussion of their individual needs for academic accommodation as determined by
Services for Students with Disabilities (SSD). This includes students with mental health
disabilities like depression and anxiety. It is the policy of the University of Nebraska-Lincoln to
provide individualized accommodations to students with documented disabilities that may affect
their ability to fully participate in course activities or to meet course requirements. To receive
accommodation services, students must be registered with SSD which is located in 232 Canfield
Administration (472-3787)

Emergency Response:
•

•
•

•
•

Fire Alarm (or other evacuation): In the event of a fire alarm: Gather belongings (Purse,
keys, cellphone, N-Card, etc.) and use the nearest exit to leave the building. Do not use the
elevators. After exiting notify emergency personnel of the location of persons unable to exit
the building. Do not return to building unless told to do so by emergency personnel.
Tornado Warning: When sirens sound, move to the lowest interior area of building or
designated shelter. Stay away from windows and stay near an inside wall when possible.
Active Shooter
o Evacuate: if there is a safe escape path, leave belongings behind, keep hands visible and
follow police officer instructions.
o Hide out: If evacuation is impossible secure yourself in your space by turning out lights,
closing blinds and barricading doors if possible.
o Take action: As a last resort, and only when your life is in imminent danger, attempt to
disrupt and/or incapacitate the active shooter.
UNL Alert: Notifications about serious incidents on campus are sent via text message,
email, unl.edu website, and social media. For more information go to: http://unlalert.unl.edu.
Additional Emergency Procedures can be found here:
http://emergency.unl.edu/doc/Emergency_Procedures_Quicklist.pdf
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Tentative Schedule
Date
Week 1:
January 8/10

Topic
What is a wetland
and Why do we care?

Reading
Chapter 1
Chapter 2
Chapter 3

Weeks 2/3:
January 15/17/22

Wetland Hydrology
and Water Balance

Chapter 4

Weeks 3/4:
Jan 24/29

Wetland Soils

Assignment 1 Due (Jan 15th)
Assignment 2 Due (Jan 22nd)
Chapter 5
Assignment 3 Due (Jan 29th)

Weeks 4/5:
Jan 31/Feb 5/7

Wetland Vegetation
Test Review

Chapter 7
Assignment 4 Due (Feb 5th)

Laboratory
Introduction to laboratory
Jan 10th
(Wet Lab)
Where in the world are the
wetlands?
Wetland Hydrology
Jan 17th
(Wet Lab)
Wetlands on the Run!
Wetland Soils
(Wet Lab)
Jan 24th
Mystery Soil Lab
Setup Stinky Mud Lab
Wetland Vegetation
(Wet Lab)
Jan 31st
Wetland Weirdos Activity
Setup Stinky Mud Lab
(Guest Lecture: Bob Henricksen)
Feb 5th
TEST 1
(Thursday Lecture)
Weeks 1-4
Feb 7th
Setup Stinky Mud Lab (Wet Lab)

Week 6:
Feb 12/14

Intro to Wetland
Biogeochemistry

Chapter 6
Setup Stinky Mud Lab
Wetland Identification
(Wet Lab)

Week 7:
Feb 19/21

Wetland
Biogeochemistry

Week 8:
Feb 26/28
Week 9:
Mar 5/7

Wetland Ecosystems
Overview
Human Impacts

Chapter 6

Chapters 9-13
Assignment 5 Due (Feb 26th)
Chapter 14
Chapter 16

Climate Change

I spy a wetland….
Wetland Biogeochemistry
(Wet Lab)
Stinky Mud Lab
Project Site Visit
(Innovation Campus)
Lab Canceled March 7th
Weekend Field Trip

Assignment 6 Due (Mar 5th)

Weekend Field
Trip!

Sandhill Crane
Migration/Hazardous Waste
Treatment Wetlands
(Field Trip to Kearney)
4 AM Saturday Field Trip
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March 9th

Week 10:
Mar 12/14

Test Review

Chapter 17-18
Read Zedler Article

Wetland Ecosystem
Services

http://www.nebraskaflyway.com/cr
ane-viewing/
http://cpnrd.org/flood-control/
TEST 2 (March 14th)
Weeks 5-9
(Lecture)
Wetland Site Visit
Pioneers Park Nature Center
http://lincoln.ne.gov/city/parks/natu
recenter/index.htm

Week 11:
Mar 19/21
Week 12:
Mar 26/28

Spring Break
Treatment Wetlands:
Introduction

Chapter 19 and Handout
Reading

Pollutant Removal
Modeling

Assignment 7 Due (Mar 26th)

Week 13:
Apr 2/4

Pollutant Removal
Modeling

Chapter 19 and Handout
Reading
Assignment 8 Due (Apr 2nd)

Week 14:
Apr 9/11

Implementation and
Maintenance
Wetland Creation
and Restoration

Handout Reading
Assignment 9 Due (Apr 9th)

Week 15:
Apr 16/18

Wetland Regulation
and Policy

Week 16:
Apr 23/25
Final Exam

Begin Treatment
Wetland Experiment
(MESOLab Experiment)
Restoration Tour
Marsh Wren
Tour by FlatWater Group

Handout Reading
Assignment 10 Due (Apr 16th)

Cost Justification and
Management Issues
Team and Graduate
Presentations

Wetland Mitigation Bank Tour
(Rock Creek Bank)
http://dot.nebraska.gov/projects/en
vironment/wetlands/
DOT: Dillon Dittmer

Design Projects Due

Finish Treatment
Wetland Experiment
(MESOLab Experiment)
Wetland Jeopardy Review
(Wet Lab)

Cumulative Exam: 10:00 a.m. to 12:00 p.m. Tuesday, April 30

* Note: This is a preliminary schedule and may change due to class needs/weather/site manager
schedules.
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Appendix 2: Pre-Survey Responses
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Appendix 3: Mid-Survey Responses
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Appendix 4: Design Project Assignment
Design Project
A treatment wetland has been proposed by the Nebraska Innovation Campus to polish treated
wastewater from the Lincoln Wastewater Treatment Plant (red box). Treated wastewater is
planned to be moved through a heat exchange system to produce heat by cooling the treated
wastewater (yellow box), which supply energy for electricity and heating on the Nebraska
Innovation Campus. Water will then be released into a treatment wetland for polishing and
rereleased into Salt Creek. Your consulting firm has been hired to design the treatment wetland
in the area outlined (blue box).
The following assumptions should be made for design calculations:
1. Wastewater Volume – 20 million gal/ day
2. Total Nitrogen in effluent is on average 8.3 mg/L with a maximum of 21.9
3. Wetland effluent Total Nitrogen concentrations should be <5 mg/L in all situations
Your design is required to have the following:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Define project objectives
Identify design constraints
Determination and support for chosen treatment wetland design
Size the wetland
Complete planting plan
Identify ecosystem services
Cost estimate
Timeline for construction
List of required permits

As we go on field trips, I encourage you to ask questions that could help you complete
your designs from practitioners. For the design and cost estimates I encourage you contact
contractors. Explain you are a training wetland scientist/engineer working on a design project
and are trying to determine the best plant species/materials/contractor rate for you cost
estimate and planting plan.
Each team will be required to submit a paper report and do a presentation. I encourage
each group breaking the report writing between members and completing an overall review
together. 10 points (20%) of your grade will come from how your team members grade
you. Therefore, I highly encourage you contribute to your team projects.
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For more details about the wastewater treatment plant, please visit:
https://www.lincoln.ne.gov/city/pworks/wastewater/treatment.htm
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https://lincoln.ne.gov/city/pworks/wastewater/master-plan/2015/pdf/chapter-6.pdf#table6.3
104
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Appendix 5: Design Project Rubric

Assessment of FINAL Design
NRES/BSEN 458/858 | Wetlands 2019
Reviewer:
Group:
The criteria and standards below will be used to evaluate and assign points
to the Final Design content. The point score for the design will be given to all
group members. Points for an individual's participation and contribution
to the content will be assigned based on peer assessments using a different
rubric. Items highlighted in blue will be weighted for clarity and
completeness. ** Adapted from Dr. Thomas Franti (UNL-BSE)
A

Points
awarded

Document the group dynamics

+++

Project evaluation and selection process records well organized

3

++

Project evaluation and selection records archived

2

+

Project evaluation and selection records sparse

1

-

Project evaluation and selection not archived

0

+++

Design process well documented including need, goals, objectives, criteria

5

++

Design process poorly documented without need, goals, objectives, criteria

3

+

Design process documentation appears after the fact

1

-

Design process not documented

0

Technical contributions and quality of effort of each team member clearly
described

3

++

Contributions poorly described or degree of effort not mentioned

2

+

Contributions poorly described and degree of effort not mentioned

1

-

Technical contributions not documented

0

+++

How could the documentation of the group dynamics be improved?
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B
+++

Document the unique project site
Abiotic characteristics of the site completely and clearly described (location,
topography, slope, built features, etc.)

3

++

Abiotic characteristics of the site incompletely or poorly described

2

+

Abiotic characteristics of the site incompletely and poorly described

1

-

Abiotic features of the site not described

0

+++

Climatic and hydrologic regime clearly and completely described

3

++

Climatic and hydrologic regime incompletely or poorly described

2

+

Climatic and hydrologic regime incompletely and poorly described

1

-

Climatic and hydrologic regime not described

0

+++

Soils well described and mapped

(if design site has no soil, include a clear explanation for excluding soils map)

3

++

Soils poorly described or poorly mapped

2

+

Soils poorly described and poorly mapped

1

-

Soils not described

0

+++

Biotic characteristics of the site completely and clearly described
(biome/ecoregion, dominant vegatation and fauna)

3

++

Biotic characteristics of the site incompletely or poorly described

2

+

Biotic characteristics of the site incompletely and poorly described

1

-

Biotic features of the site not described

0

How could documentation of the original project site be improved?
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C

Catalog the technical analysis of the proposed design

+++

First ecosystem service well described and appropriate

3

++

Ecosystem service specific to site but poorly described

2

+

Ecosystem service generalized

1

-

Ecosystem service not described

0

+++

Second ecosystem service well described and appropriate

3

++

Ecosystem service specific to site but poorly described

2

+

Ecosystem service generalized

1

-

Ecosystem service not described

0

+++

Systems and features delivering first ecosystem service well defined

3

++

Systems and functions specific to ecosystem service, but poorly described

2

+

Systems and functions generalized

1

-

Systems and functions not described

0

+++

Systems and features delivering second ecosystem service well defined

3

++

Systems and functions specific to ecosystem service, but poorly described

2

+

Systems and functions generalized

1

-

Systems and functions not described

0

+++

Indicators described and appropriate to first ecosystem service

3

++

Indicators poorly described or inappropriate to first service

2

+

Indicators generalized

1

-

Indicators not proposed

0

+++

Indicators described and appropriate to second ecosystem service

3

++

Indicators poorly described or inappropriate to second service

2

+

Indicators generalized

1

-

Indicators not proposed

0

+++

Ecological characterization well described and tied to systems/functions

3

++

Ecological characterization not well described or not tied to systems/funcs.

2

+

Ecological characterization nor well described and not tied to systems/funcs.

1

-

Ecological characterisation not included, or inappropriate.

0

+++

Substantive legitimacy clearly demonstrated with relevant citations

3

++

Substantive legitimacy not well demonstrated or poor citations

2

+

Substantive legitimacy not well demonstrated and poor citations

1

-

Substantive legitimacy dubious, without support in literature

0
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How could the technical analysis of the proposed design be better cataloged?

D

Illustration of the proposed design (plans, diagrams, etc.)

+++

Design drawings illustrate complete system and easy to understand

3

++

Hard to understand (poor graphics, labels) or poorly represents the system

2

+

Hard to understand and poorly represents the system

1

-

Design drawings copied from elsewhere or absent

0

+++

Technical calculations clearly identified, relevant, and well organized

3

++

Calcuations poorly organized, irrelevant, or difficult to locate

2

+

Calculations poorly organized, erroneous, and difficult to locate

1

-

Calculations missing

0

+++

Concise**, well written presentation describes how design meets criteria.

3

++

Rambling, unfocused abstract or excludes how design meets criteria.

2

+

Rambling, unfocused abstract and excludes how design meets criteria.

1

-

Poorly organized abstract or abstract missing.

0

**NOTE:

Abstract should not exceed 500 words.

+++

Bibliography adequate, relevant, well formatted

3

++

Bibliography inadequate, or irrelevant, or poorly formatted

2

+

Bibliography inadequate, irrelevant, and poorly formatted

1

-

Bibliography absent

0

How could illustration of the proposed design be improved?
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E

Final design content layout and organization

+++

Content well organized and easy to follow

3

++

Somewhat organized but difficult to follow

2

+

Poorly organized or cluttered

1

-

Unorganized

0

Content is effectively composed and pleasing in format

3

++

Ineffectively composed or unpleasing in format

2

+

Poorly composed and unpleasing in format

1

-

No effort was made to design a pleasing format

0

+++

How could the layout and organization of the final content be improved?
Presentation/Teamwork (A+E)

17

Technical Merit (B+C+D)

48

Total Points Scored:

65

Maximum Points:

65
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Appendix 6: Design Project Presentations
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5/10/19

Subsurface
Wetland
Design
Garrett Brossart, Jessica Satiroff, Josh
Davis, and Logan Morgaridge

u

Goals and Objectives
u

Overview

Ecosystem services

u

Design Constraints and Assumptions

u

Design Process
u

Support for Design Choice
u

subsurface

u

Planting plan

u

Cost Analysis

u

Drawing of the design

u

Construction Timeline

u

Required permits

1

5/10/19

Goals and
Objectives

Ecosystem
Services

u

Design a treatment wetland for the
wastewater treatment plant
near Nebraska Innovation Campus
to polish the water before it is
discharged into Salt Creek

u

Reduce Nitrogen concentration to
<5mg/L

u

Treat 20 million gal/day

u

Water purification and waste treatment

u

Pollination

u

Education

u

Aesthetics

u

Air quality
u

Nutrient cycling

u

Photosynthesis

u

Storm regulation

2

5/10/19

u

Confined to a 40-acre project area

u

Climate in Nebraska
u

u

Design
Constraints

Design
Assumptions

Freezing in winter

The area needed to allow 20
million gal/day discharge into the
treatment wetland is larger than
the given area for the project
u

Area needed for 20 million gal/day
= 300 acres

u

Area of project site = 40 acres

u

Max flow for 40-acre area =
2,674,052 gal/day

u

HRT = 8 days

u

HLR = 6.3 cm/day

u

On site soils are not adequate for design

u

Treated wastewater flow delivered to the
wetland will be controlled to 2,674,052
gal/day discharge standards

u

Total nitrogen concentrations leaving the
wetland will meet the required <5 mg/L
u

Max influent is 21.9 mg/L

u

Design for precipitation 100-year storm event

u

Account for vegetative transpiration

u

Construction will adhere to all designs for SSF
wetland treatment system
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5/10/19

u

Support for
Design
Process

Subsurface Flow Design
u

Allows for year-round operations in
Nebraska

u

Can provide effective treatment
while minimizing mechanical
equipment, energy, and
maintenance costs

u

Less of a hazard for kids and pets

Soil Map
uSoil

9709 is the only soil we will be
working with for this project
u9709

is a Kennebec soil with an H
layer ranging from 0-60 in
uSlope

is 0-2% towards Salt Creek

4

5/10/19

u

Plant a seed mix from Stock
seed farms
u

u

Includes rushes, sedges, and
one milkweed

u

Ecosystem services

Planting plan

Cost Analysis

This is a high diversity mix

u

Recreational, beneficial for
habitat, aesthetically appealing

u

Cost $43200, for the 40 acres.

u

Could become a monoculture if
not managed properly
u

Burn every 3-5 years in the fall

u

Change saturation levels to
influence which plants establish
that season

u

Wetland Design Cost (Engineer):
$1,000 x 40 acres= $40,000

u

Constructing Basin Cost: $1,500 x 40
acres = $60,000

u

Wetland Plants and Seed
Cost(including buffer): $1,080 x 40
acres = $43,200

u

Control Structure Cost: $2,100 x 40
acres x 2 = $168,000

u

HDPE Liner: $0.71 per square foot x
(1.742x10^6 square feet) =
$1,236,820

Overall Initial Estimated Cost: $1,548,020
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5/10/19

Preliminary Design

Permitting process: 3 to 12 months

Timeline

Construction process: 6 to 7 months

Planting process: planting time can be scheduled
around construction with the current plan to use a
seed mixture, as the seeds can be planted during the
end of construction as we will not have to worry
about damaging any seedlings.
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5/10/19

u

CWA Section 404

u

CWA Section 401
u

Permits

Nebraska

u

NPDES combined form 1 and 2A

u

NPDES combined form 1 and 2C

u

Building Permit

u

Assume wastewater treatment facility has
required discharge permits

References
u

EPA, Environmental Protection Agency, www.epa.gov/.

u

Data, US Climate. “Temperature - Precipitation - Sunshine - Snowfall.” Climate
Lincoln - Nebraska and Weather Averages Lincoln,
www.usclimatedata.com/climate/lincoln/nebraska/united-states/usne0283.

u

AgTech Liners https://www.agriculturesolutions.com/agtec-waterproof-liner-40mil-per-sq-ft

u

http://deq.ne.gov/NDEQProg.nsf/OnWeb/NPDES

u

https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx

u

http://www.stockseed.com/Shop/wetland-species/water-s-edge-mixture

u

NRS cost estimate

https://www.nrem.iastate.edu/bmpcosttools/files/page/files/2016%20Cost%20Sheet%
20for%20Constructed%20Wetlands.pdf

7

5/10/19

Innovation Campus Treatment
Wetland
Brian Bostock, Riley Ellwanger, Josiah Johnson, Julia Lindgren,
Taryn Potter, Morgan Ransiear, Ligang Zhang

Team Roles
Tayrn Potter - Botanist
Josiah Johnson & Julia Lindgren - Engineers
Ligang Zhang - Site evaluator, climatologist
Morgan Ransiear, Riley Ellwanger, Brian Bostock - Cost analysts, ecosystem services
planners

1

5/10/19

Problem Statement:
Moderate levels of nitrogen in water treatment plant effluent can cause problems for
surface water users downstream. Water discharged from the Theresa street water
treatment plant on Innovation Campus is to be treated in a wetland before being
discharged into Salt Creek.

Goals/Objectives

Constraints

Polish water treatment effluent
with an average of 5 mg/L of
nitrogen to less than 5 mg/L in a
treatment wetland

Size

Provide educational resources as
well as other ecological services

Climate

Vegetation
Soil

Flow rate
Cost

2

5/10/19

Site Description (location)
Lat: 40.83488
Lon: -96.69573
Area: around 50 acres

Site Description (location & zoning)
Address: 1600 COURT ST LINCOLN, NE 68508
Site Owner: BOARD OF REGENTS OF THE UNIVERSITY OF NEBRASKA
Primary Class: C2( Commercial Unimproved )
Primary Use: 17( Public Use )
Zoning: O3( O3-Office Park District )

3

5/10/19

Site Description (topography & slope)
Elev: 1145 ft/349 m
Representative
Slope: 1%

Source: USGS

Site Description (land cover)
Commercial/Industrial
Open Water
Upland Tallgrass Prairie

Agricultural Fields

Source: http://snr.unl.edu/data/geographygis/land.aspx
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5/10/19

Climate and Hydrology
● Dfa: Humid continental climate with
severe winters, no dry season, hot
summers and strong seasonality.
● Average temperature : 10.4 C/50.7 F
● Total annual Precipitation: 717.9
mm/28.3 inches

Source: ClimaTemps

Climate and Hydrology

Reference Potential ET

Source: http://extensionpublications.unl.edu/assets/pdf/ec2003.pdf
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5/10/19

Soils and Biotic Characteristics
9709: Urban land-Kennebec complex,
0 to 2 percent slopes
Surface texture: (1) Silt loam (2) Loam
Subsurface texture group: Loamy
Depth to Water Table: >200cm
Tallgrass Dominant

Source: Web Soil Survey

Soils and Biotic Characteristics
Level III Ecoregion:
47-Western Corn Belt Plains
Level IV Ecoregion:
47i-Loess and Glacial Drift Hills

Source: EPA
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5/10/19

Subsurface Calculation Assumptions
Subsurface wetland soil temperature constant 21 C for the entire year
C* = 0 mg/L
K20 = 1.056
Porosity = 0.7 with a depth of 2.5 feet

Subsurface Calculations
kt= 22.7 m/yr
Area needed to reach goals (method 5)
Q = 5,221,100 gal/day
HLR = Q/A = 12.3 cm/day
Q = 20,000 gal/day
Kt = 22.7 m/yr
C0 = 5 mg/L
Ci = 8.3 mg/L
Assume C* = 0 mg/L

5,000,000 * (8.3 - 5 mg/L) * 365 days/yr *3.8
L/gal
= 22,800 kg TN/yr

Area needed to meet goals = 153 acres
HRT = 5 days
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5/10/19

Subsurface Wetland

Outlet
Pipe

3:1 slopes

WTP

Educational
Area with
benches

Simple Orifice
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5/10/19

Kadlec, Knight; “Treatment
Wetlands” Figure 20-17

Simple Orifice
Riser Pipe

Outlet Pipe

Gravel

Salt
Creek

Native Soil Liner - 1% slope

Ecosystem Services
Water purification - water will be treated to the specified nitrogen concentration
Education - wetland is located on Innovation campus so the wetland will be used as
an educational tool for UNL classes as well as for the general public.
Beautification - wetlands can add color and variation to otherwise bland, urban
landscapes.
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5/10/19

Ecosystem Services: Water Purification
The primary purpose of any treatment wetland is to purify water before it runs off a
site.
This is a secondary treatment wetland,
as water flowing in has already been
purified to some extent.
Primary concern is total nitrogen.

Ecosystem Services: Education
Wetlands provide excellent opportunities to educate citizens on the benefits of natural
treatment solutions, native species, and more.
This site is especially well suited for education services, as Nebraska Innovation
Campus aims to highlight unique solutions/designs being implemented by the
University of Nebraska community.
Educational area will be
situated on southernmost
portion of the site.
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5/10/19

Ecosystem Services: Beautification

Vegetation
a. Main treatment plants:
i. Softstem Bulrush (Schoenoplectus tabernaemontani) (OBL) (Mature
height: 9.0 ft)
ii. Nebraska Sedge (Carex nebrascensis) (OBL) (3.0 ft)
iii. Water Sedge (Carex aquatilis) (OBL) (2.9 ft)
a. Aesthetic plants (in clumps or mixed in with others)
i. Marsh Marigold (Caltha palustris) (OBL) (2.0 ft)
ii. Marsh Skullcap (Scutellaria galericulata) (OBL) (2.5 ft)
iii. Eastern Marsh Fern (Thelypteris palustris) (OBL) (2.5 ft)
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Softstem Bulrush

Marsh Marigold

Nebraska Sedge

Marsh Skullcap

Water Sedge

Eastern Marsh Fern

Permits- Federal Statutes
Section 404- Regulates dredged and fill materials in the United States waters
Section 402- National Pollutant Discharge Elimination System
Section 401- State Certification of Water Quality
Section 309- Federal Enforcement Authority
Section 308- Inspections, Monitoring, Entry
Section 502- General Definitions
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Permits- Nebraska Regulations
Nebraska Floodplain Management Statute
Nebraska State Programmatic General or Regional Permits
Section 401 Water Quality Certification for Clean Water Act
Nebraska Statute 117: Nebraska Surface Water Quality Standards
Nebraska Nongame and Endangered Species Conservation Act (NESCA)

Cost Analysis
Treatment Wetland Design

$40,000

40 acres at cost of $1000 per acre of
treatment wetland

Basin Construction

$60,000

40 acres at cost of $1500 per acre of
treatment wetland

Liner

$0

Native Soil Liner; EPA Wastewater
Technology Fact Sheet Wetlands:
Subsurface Flow Table 5

Wetland Plant Seeds and Plugs

$400,000

10,000 plants per acre at $1 per plug
for 40 acres

Buffer Zone

$1310

$131 per acre of buffer with 10 total
acres

Inlets and Outlets

$25,000

EPA estimates $25,000 for SSF
projects
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Cost Analysis
Cost per year~ Approximately $2000
● Wetland should require little yearly maintenance
Cost per acre~ $10,530

Total Cost~ $526,310

Sources
Kadlec, Knight; “Treatment Wetlands”
Nebraska Game and Parks Commission; “Guide to Nebraska’s Wetlands”
EPA Wastewater Technology Fact Sheet Wetlands: Subsurface Flow Table 5
USDA Web Soil Survey
EPA Level III and IV Ecoregions of the Continental United States
UNL NE GAP Land Cover
City of Lincoln Development Viewer
http://www.lincoln-ne.climatemps.com/index.php
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Sources cont.
https://plants.sc.egov.usda.gov/core/profile?symbol=SCTA2
https://plants.sc.egov.usda.gov/core/profile?symbol=SCGA
https://plants.sc.egov.usda.gov/core/profile?symbol=THPA
https://plants.sc.egov.usda.gov/core/profile?symbol=CAPA5
https://plants.sc.egov.usda.gov/core/profile?symbol=CANE2
https://plants.sc.egov.usda.gov/core/profile?symbol=CAAQ
https://www.wetlandplantsinc.com/

Questions?
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Wetland Design
Billabong Boi’s

Project Outline
-

Project goals
Project site
information
Site characteristics:
Abiotic and Biotic
Climate/Hydrology
Soil characteristics
Ecosystem services
Proposed design
Permitting
Calculations
References
Group contributions
https://www.trailrunproject.com/photo/7013786/sandhill-cranes-using-one-of-the-wetlandareas

1

5/10/19

Project goals
A treatment wetland was proposed adjacent to the Nebraska
Innovation Campus to polish treated wastewater from the Lincoln
Wastewater Treatment Plant
Objective: Design a treatment wetland that meets the following criteria:
-

Using the available area, design a treatment wetland that reduces
Total Nitrogen concentrations to <5 mg/L in all situations
Include in the wetland design the required characteristics to
provide additional ecosystem services

Topography

● Riverine
● Freshwater pond
● Freshwater
emergent wetland
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Soil Characteristics
Soil type: urban land-Kenebic complex
Texture: silt loam
Drainage class: moderately well drained
Depth to water table: 36 to 60 inches
Frequency of flooding: occasional

https://esis.sc.egov.usda.gov

Soil Characteristics
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Biotic Characteristics
-

-

Located within the Nebraska and Kansas
Loess-Drift Hills MLRA
Prior to European-settlement, vegetation
in the area consisted of tallgrass prairies
and saline wetlands
Wetlands in the area are important
stopover points for waterfowl during
spring and fall migration

.

Human Impacts
- Prairies and wetlands in the
region have been severely
fragmented
- Fire suppression has led to the
spread of woody plants
- Stream channelization has led to
the draining of many wetlands in
the area

https://casde.unl.edu/activities/saltcreek/introduction/saltmarshes.php
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Climatic and Hydrologic Regime
Average Temp = 51.8 F
Water Budget
Given: Average Precipitation over 30 years (Lincoln Airport)= 28.66 inches/yr
Assumptions: Interference = 0.10
ET = 0.40
SWin - SWout = 0
GWin and GWout= 0
Solve:
∆V/∆t = Pn - ET
∆V/∆t = (28.66 * 0.10) - (28.66 * 0.40)
∆V/∆t = -8.60 inches/yr

Ecosystem Services
Wetlands are often viewed as valuable because of the direct benefits they provide
to humans, not necessarily because of the benefits they have as ecological
systems (Mitsch and Gosselink, 1993)
For this project, we have chosen 3 wetland ecosystem services that are the
primary services applied to the area:
1. Water quality (removing nitrate from the incoming influent)
2. Flood control (the location of the wetland is adjacent to a stream
designed for flood control)
3. Formal and informal education
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Ecosystem Services: Water Quality
The primary goal of this project is
to reduce the incoming nitrate
concentration from an average of
8.3 ug/L to 5 ug/L (Maximum
nitrate values as high as 21.9
ug/L)
Incoming water from the
wastewater treatment plant has
potential to contain nitrate levels
that are too high to be cycled
back into the nearby salt creek

https://www.lincoln.ne.gov/city/ltu/wastewater/treatment.html

Ecosystem Services: Water Quality
Instead, the high concentration
water will be diverted into the
proposed area to be held in, and
cycled through the wetland
ecosystem
This process will allow for the water
to undergo various physical and
chemical “removal” processes:
-

Denitrification
Plant uptake
Additional storage in soil

https://earth.google.com/web/@40.83605272,96.6893767,348.55935187a,1561.62932439d,35y,0
h,0t,0r/data=ChIaEAoIL20vMDVmaHkYASABKAI
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Ecosystem Services: Flood mitigation
The project location is directly adjacent
to Salt Creek
Salt Creek is a headwater that leads
into the Platte River
Salt Creek was channelized in an
attempt to remove additional water in
the City of Lincoln during flood
conditions

https://waterdata.usgs.gov/ne/nwis/uv?site_no=06803513

Ecosystem Services: Flood mitigation
Our treatment wetland will provide an area that can act as an emergency
spillway if/when floodwaters rise above the banks of the incised stream

https://www.strukts.com/types-of-spillways
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Ecosystem Services: Formal education
The proximity of the proposed wetland provides a number of educational
opportunities:
-

K-12 class trips
Undergraduate and graduate wetland research opportunities

https://lawrenceartscenter.org/2018/07/kelly-galloway-kindergartenstudents-take-field-trips-to-experience-real-places/

https://www.uwb.edu/wetlands/meet-our-wetlandsresearchers

Ecosystem Services: Informal education
Included in our design (more on this later) is
the installation of educational kiosks along a
recreational trail that sits on the perimeter of
the wetland
This allows for the general public to have a
brief educational experience when visiting the
site and may include directions to learn more
about wetland ecosystems
https://www.tripadvisor.com.au/LocationPhotoDirectLink-g529040d8414319-i190996338-Window_on_the_Wetlands_CentreWarren_New_South_Wales.html
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Trail System

Planting Plan
- The wetland will be seeded with a
28 species seed mix from Stock
Seed Farms
- The wetland will be seeded using
a rented tractor and seed drill
- Berms should be kept free of
woody plants through periodic
mowing
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Proposed design

Proposed Timeline/Milestone
a. Pre-bid meeting with
potential Contractors
b. Seeking permit approval
from relevant issuing
bodies
c. Clearing.
d. Building access roads.
e. Constructing basins and
dikes.
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Project timeline continued
-

Project Timeline and Milestones
f. Mulching dikes and disturbed areas
g. Piping and Valving
h. Planting and Seeding
i.
Liming and Fertilizing
j.
Mulching dikes and disturbed areas
k. Inspection
l.
StartUp
m. Testing
n. Operation
o. Maintenance and Monitoring

Required Permits
Required Permits:
- Section 404
- Section 401
https://mde.maryland.gov/programs/Permits/Pages/index.aspx
- Dredging or excavating (RGP-98-05-WEH)
- NPDES
- (forms 1 & 2A) secondary treatment standards: Title 119
- (form 2C) potential pollution: Title 117
- Stormwater permits before/after construction
- CSW-NOI
- ISW-NOI
- Costs: varied
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Cost Estimates

Calculations
- KA values: cold(Tavg= 0℃)= 7.23 (m/yr) / warm(Tavg= 30℃)= 37.1 (m/yr)
- Area needed: (1133.72 to 29.9 million acres)
- Area working: (45.5 acres)
- Does it meet treatment needs?
No
- Loading rate to reach 5 mg/L effluent
- Tavg= 0℃ → Q = 674,713.28 to 901,307.003 (m 3/day)
- Tavg= 30℃ → Q = 13,478,808.1 to 4,624,964 (m 3/day)

Given/Assumptions:
- Theta = 1.056
- K20 = 21.5 (m/yr)
- Cin = 8.3 to 21.3 (mg/L)
- C* = 0 (mg/L)
- porosity:
- sand/clayavg:
0.54
LDR = 50 g/(m2yr)
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Calculations continued
- TN removed per year with loading rate
- Tavg= 0℃ → = 2,226.55 to 15,232.09 (kg/yr)
- Tavg= 30℃ → = 44,480.07 to 78,161.89 (kg/yr)
- HLR
- Tavg= 0℃ → q = 3.66 to 4.89 (m/yr)
- Given/Assumptions cont.:
- Tavg= 30℃ → q = 73.20 to 25.12 (m/yr)
- depth = 0.3 m
- HRT
- Tavg= 0℃ → = 29.88 to 22.37 (days)
- Tavg= 30℃ → = 1.5 to 4.36 (days)
- Does not take into account the pond and floating treatment mats

Sources
Literature Referenced:
Mitsch, W.J., Gosselink, J.G., 1993. Wetlands, 2nd ed. John Wiley, New York.
Grimmond, C. S. B., & Oke, T. R. (1999). Evapotranspiration rates in urban areas. IAHS PUBLICATION, 259, 235-244.
Websites referenced:
https://esis.sc.egov.usda.gov/ESDReport/fsReport.aspx?approved=yes&repType=regular&id=R106XY067NE
https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
https://www.usgs.gov/core-science-systems/ngp/tnm-delivery/topographic-maps
https://www.fws.gov/wetlands/data/mapper.html
http://agacis.rcc-acis.org/
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Wetland Design
Jason Cyboron, Dalton Dozier, Josh Garner, Owen George

Objectives
●

Reduce the Nitrogen levels in the water to below 5 mg/L

●

Reduce the pollutant levels in the water

●

Reduce the inflow into Salt Creek

●

Withstand inflow rate 20 million gallons a day

1
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History
Land has been used for the Nebraska State
Fairgrounds for several decades.
Overall, the topography of the land has
remained relatively unchanged since then.

●
●

100 year topographical change to present day is
almost unchanged!

○

●

The main use of the specific area that the
wetland will be built on was the old Lincoln
Race track.

●
●

Track closed in 2012 after its final horse race.
Land was purchased shortly after by the
University of Nebraska-Lincoln.
Since then, the land has been vacant with no
use on the ground of the new Innovation
Campus area.

Used for live horse racing for several decades

○

●

Project Constraints
●

Available area
○

●

Soil type
○

●

Silty loam

Climate
○

●

Space availability

Nebraska: hot summers→ Cold winters

Materials needing excavated
○

Expensive excavation costs

2
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Ecosystem Services
Regulation of water quality-serve as a buffer treatment
wetland for the Lincoln Wastewater Treatment Plant.

●

○
○
○
○
○

Prevent inundation
Provide aerobic and anaerobic zones
Keep the water uncolored
Regulation of ammonia levels
Prevention of algal blooms affecting flow and
biogeochemistry.

●

●

Recreation-serve as a tool for recreation and
active lifestyles for citizens of Lincoln.
○
○
○

Birding
Wildlife viewing
Walking, hiking, biking trails around the
perimeter of wetland

Education-serve as an educational tool
for students and civilians of all ages to
understand more about wetlands.
○
○
○
○

Walking trails
Informational Signs
Education for elementary-college
students and general public
Pergola and observatory deck look out
for viewing

Ecological Characterization to System
●

Regulate Water Quality
○
○
○

●

Education
○

○

●

Importance to ecology is the removal of nitrate from the Lincoln Wastewater so that
it doesn’t leach into the Salt Creek watershed.
This is necessary so there aren’t unwarranted fish kills and pollutants in the
watershed.
https://www.epa.gov/wetlands/constructed-wetlands
Importance to ecology is the purpose in making the general public and students more
knowledgeable as to how the wetland works and the purpose it serves in cleansing
the wastewater.
https://www.bgci.org/education/article/0233/

Recreation
○
○
○
○

Importance to ecology is the basis in providing more local opportunities to view birds
and wildlife without having to travel several hours away.
Keeping the surrounding land and wetland in well maintained condition allows for
wildlife to inhabit the area.
Brings tourism money for the economy by keeping dollars “local”.
https://dec.vermont.gov/watershed/wetlands/functions/benefits

3

5/10/19

Physical Properties
●

Abiotic Characteristics:

●

Climatic and Hydrologic:

○
○
○
○

Location: 40°50'12.3"N 96°41'40.7"W
Topography: 1,150’
Slope: 0-2%
Build features: Weir, clay liner, and riprap

○
○
○
○

Mean annual precipitation: 30-32 inches
Mean annual temperature: 52-55 degrees F
Frost-free period: 160 to 180 days
Depth to water table: 36 to 72 inches

○
○
○
○

0 to 36 inches: silt loam
36 to 60 inches: silt loam
Urban Land-Kennebec Complex K value: 1.4110x10-6 micrometer/sec
Clay lining K value: 1.0x10-7 micrometer/sec

○
○
○
○

Biome: Temperate Grassland
Ecoregion: Tallgrass Prairie
Microbial activity
Plants (SEE PLANTING SLIDES)

●

Soils:

●

Biotic Characteristics:

Soil Map
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Wetland Soil

Yellow= Urban Land-Kennebec Complex (K= 1.4110x10-6 micrometer/sec)
Red= Clay lining (K= 1.0x10-7 micrometer/sec)

Permits
●

Permit 401:
○

●

Permit 404:
○

○

●

Governed under the supervision of the U.S. Army Corps of Engineers that the construction of
and building of the new wetland be in compliance with section 404 provision of the C.W.A and
that it would be the primary vehicle for wetland protection.
All dredging and filling of waters is strictly prohibited, which will not be an issue for us due to
the creation of a new wetland is the premise of our project.

NPDES:
○

●

Allow compliance with state requirements under section 401 of the Clean Water Act to ensure
that the builder makes extreme effort to protect water quality.

The National Pollutant Discharge Elimination System permit is required from the Nebraska
Department of Environmental Quality to discharge into any water in the state of Nebraska.

SWPPP
○
○

A Stormwater Pollution Prevention Plan is required by the EPA/NDEQ and the City of Lincoln
prior to obtaining a building permit.
Prevention of erosion and construction materials and pollution from running off the
construction site.
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Construction
●
●

April (Spring)-Fall (October)--once the approval
and receiving of permits is complete
April
○
○
○
○

●

May
○
○
○

●
●
●

Surveying
Excavation
Clay liner
Contouring of the bottom of the wetland
Install piping and weirs
Fill in excavated areas
Build and stabilize berms

Planting begins
Make sure plants establish well in following months
Final step is to release the wastewater from the
treatment facility into the wetland to see how it
performs

Planting Plan
●
●

Full coverage around the outside of the wetland with native grasses and pollinators to
prevent runoff and sedimentation
Approximately 10,000 plants per acre
○

●
●

Total of 275,000 plant plugs (10,000 plants X 27.5 acres).

Plant species will include sedge, milkweed, and rush that will be able to help facilitate
the biogeochemical processes needed
Plants plugs will be introduced to the system when the heavy dirt work and
construction phases are completed
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Estimated Budget
Item

Quantity

Unit

Unit Price

Amount
$

Mobilization
Concrete Rubble
Removal

1

LS

$ 2,500.00

400

CY (Cubic Yard)

$ 30.00

00.00
$

2,5

12,000.00
$

11

Earthfill (Clay)

28300

CY

$

4.00

3,200.00

Excavation

197633

CY

$

6.00

$ 1,185,798.00
$

Weir structure

1

EA (Each)

$ 5,000.00
$

Riprap

210

Ton

0
$

Connect to WWTP

1

EA

00
$

50.0

250.

00.00

$

5,0

10,500 .00
$
0.00

25

$

GRADING PLAN
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Wetland Cross Section

Planting Plan

●
●
●
●
●
●
●

Swamp Milkweed (OBL)
American Sloughgrass (OBL)
River Bulrush (OBL)
Spike Bentgrass (FACW)
Purple Milkvetch (FACW)
Sedge (FACW)
Indian Ricegrass (FACU)

Legend
OBL
FACW
FACU

Observation
Deck
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Calculations
Major Assumptions
●
●
●

20,000,000 gallons of wastewater per day
Inflow has average Nitrogen level of 8.3 mg/L
Effluent Nitrogen levels less than 5 mg/L

Using k20 = 21.7 m/yr (median value from Table 9.20)
Find kavg = k20 * (θ(T-20)) = 21.7 m/yr * (1.056(10.5-20)) = 12.9 m/yr
Find As = (-Q ÷ kA) * ln (Co÷Ci)
As = (-20,000,000gal/day *365day/yr * 0.003785m3/gal ÷ 12.9m/yr)*ln (5mg/L ÷ 8.3mg/L)
As= 1,086,000 m2

Calculations Continued
From GIS we determined there are 35 acres (141,640 m2) available
Find Q = -(141,640 m2 * 12.9 m/yr)÷ln (5mg/L÷ 8.3mg/L)
Q = 3,605,155 m3/yr *264.2 gal/m3 * 0.00274 yr/day = 2,610,000 gal/day
Ci - Co = 8.3 mg/L - 5 mg/L = 3.3 mg/L
3.3 mg/L * 2,610,000 gal/day * 365 day/yr * 0.003785 m3/gal *1000 L/m3 *0.000001 kg/mg
TN removed = 11,898 kg/yr

HLR = Q÷A = 3,605,155m3/yr ÷ 141,640 m2 = 25.5m/yr *100 cm/m * 0.00274 yr/day = 7
cm/day
HRT = V÷Q = 141,640 m2 * 1 m ÷ 3,605,155m3/yr = 0.039 yr * 365 day/yr = 14.3 days
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Calculations Continued

2,610,000 gal/day = 1,812 gal/min = 30.21 gal/sec = 4 ft3/s
V < 5 ft/s

Apipe = Q/V = 4 ft3/s / 5 ft/s = 0.8 ft2
2

Apipe =0.8 ft = pi * rpipe
rpipe ≥ 6”

2

so inflow pipe must have a diameter greater than or equal to 1 ft!

Technical Contributions
Jason
Microstation (CAD) design, permits, budget and financial reporting for project.
Dalton
Calculations for hydraulics and plant analysis
Josh
Land usage data, construction planning, ecosystem service planning
Owen
Soil research, hydrology calculations, identification of physical properties
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References
https://plants.sc.egov.usda.gov/java/
http://snr.unl.edu/data/geographygis/DRGinformation.aspx
https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
https://www.epa.gov/wetlands/constructed-wetlands
https://www.bgci.org/education/article/0233/
https://dec.vermont.gov/watershed/wetlands/functions/benefits
Mitsch, W.J., Gosselink, J.G. (2015) Wetlands 5th Edition
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Appendix 7: MESOLab Experiment

What is a Floating Treatment Wetland?
BACKGROUND:
The Nebraska Nitrogen Problem:
Nitrate-N is an inorganic form of nitrogen that is often used for plant fertilizer. While nitrate-N is very
important for plant growth, overapplication has led to it being prevalent in both groundwater and surface
waters in Nebraska. Exposure, specifically drinking water with high nitrate-N can lead to significant health
effects (i.e., methemoglobinemia (blue baby syndrome), heart defects). Further, high nitrate-N with
phosphate-P can result in toxic algal blooms and enhanced E. coli growth in lakes and reservoirs.

Floating Treatment Wetlands (FTWs):
Floating Treatment Wetlands (FTWs), also referred to as floating wetland islands or artificial reed beds,
consist of emergent macrophytes growing on a floating mat on the lake water surface in contrast to being
rooted in sediment like traditional wetlands1 (Figure 1). Land is not required for FTW systems, which is
often the limiting factor for traditional wetland treatment systems 2. FTWs have the potential to provide
water treatment for total nitrogen, ammonium-N, nitrate-N, total microcystin-LR, E. coli, and total
phosphorus (TP)2–5. However, many questions remain about FTW systems, specifically regarding
their potential use in the Midwest along with their management and design requirements.
Macrophytes

Aquarium Tank

Buoyant Mat

Water

Denitrification and Plant uptake

Figure 1: FTW in aquarium tank.

Denitrification versus plant uptake of nitrate-N removal:
FTWs can remove nitrate-N in two primary ways: denitrification and plant uptake (Figure 2).
Denitrification is a microbial process in which microbes transform nitrate-N into nitrogen gas that is
released to the atmosphere. This results in permanently removing nitrate-N from the water. In contrast,
plant uptake temporarily removes nitrate-N by taking up the nitrate-N and holding it tin the plant tissue
throughout the growing season and releasing nitrate-N back into the water as the plants die in the fall. This
results in a recycling effect for the nitrate-N into and out of the water. To distinguish between two likeliest
forms of removal, water chemistry conditions can be observed. Typically, when conditions favorable for
denitrification are present, denitrification will prevail over plant uptake. These conditions include:
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1. pH ~ 7
2. Dissolved oxygen <3 mg/L
3. Organic carbon (provided by your mat
amendment or plant roots/leaves)

4. Nitrate-N (provided by your fertilizer
application)
5. Water temperature > 65 F

N2

N2
NO3O2

NO3-

O2

NO3-

NO3- & Organic Carbon

Plant uptake

NO3- & NH4+

Decomposition/
Mineralization

NO3-

O2

O2

NO3NO3-

Figure 1: Nitrate-N removal processes in wetlands: (left) plant uptake and (right) denitrification.

OBJECTIVE:
The objective of this exercise is to study the nitrate-N removal of FTWs for nitrate-N (a form of
nitrogen fertilizer) removal to prevent algal blooms in lakes and reservoirs. Three treatments will
be evaluated:
1. No FTW (control)
2. FTW
3. FTW with mat amendment

MATERIALS NEEDED:
-

-

18 aquarium tanks
Mat (Beemats, LCC)
5 native wetland macrophyte plugs
o (i.e., milkweed, Torrey’s
rush, Common rush, fox
sedge, softstem bulrush) (~$3
per plug)
Nitrate probe

-

pH probe
Temperature and Dissolved Oxygen
Meter
Fertilizer
Mat amendments to place on top of
the mat (i.e., coffee; straw)
Nitrate strips
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PROCEDURE:
1. Create a miniature floating treatment wetland (See Figure 1):
a. Add fertilizer water to all aquariums to reach ~10 mg/L
b. Add an amendment (i.e., coffee, straw) to the surface of nine of the 18 mats.
c. Over the next 4 weeks measure the nitrate-N and pH of the 18 tanks using the test
strips and dissolved oxygen and temperature using the probe every week.
d. Once the nitrate-N concentrations reach 0 or 0.5 mg/L, sampling should be
stopped.
e. Record values each time the samples are taken.
f. At the end of the experiment compare results of nitrate-N removal and changes in
the water chemistry.
g. Using the following equation determine the % removal for each aquarium:

%𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =

𝑁𝑖𝑡𝑟𝑎𝑡𝑒𝐷𝑎𝑦1 − 𝑁𝑖𝑡𝑟𝑎𝑡𝑒𝐿𝑎𝑠𝑡𝐷𝑎𝑦
𝑁𝑖𝑡𝑟𝑎𝑡𝑒𝐷𝑎𝑦1

%Removal = percentage of nitrate-N removed in the aquarium
NitrateDay1 = concentrations of nitrate-N on Day 1 of the experiment
NitrateLastDay = concentrations of nitrate-N on last day of the experiment

DISCUSSION:
1. Which system removed nitrate-N the quickest? Why?
2. Which system removed the most nitrate-N? Why?
3. Were requirements for denitrification present? How did this impact removal rate and
quantity?
4. How could you use these practices in your community?

Appendix 8: MESOLab Pre-Lab Responses

161

Appendix 9: Test 3 MESOLab Question
24. The following data was collected from the floating treatment wetland study you
began during a laboratory this semester. Use the following dataset to answer the next two
questions below.

Nitrate-N (mg/L)

40
30
20
10
0
0

2

Rush Species

4

6
8
Time (days)
Diverse Species

10

12

Control

Figure 1. Nitrate-N concentration changes over time in the MESOLab for the rush
species, diverse species, and control (no floating treatment wetland).
24a. Do you believe floating treatment wetlands are an efficient at removing nutrients based on
Figure 1? Explain. (3 pts)

________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
24b. Which removal processes do you believe will have the greatest impact on nitrate-N
removal? Why? (3 pts)
________________________________________________________________________
________________________________________________________________________
_______________________________________________________________________
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